Abstract Breast cancer (BC) has been associated with pregnancy if diagnosed within 5-10 years after delivery (pregnancy-associated BC, PABC). PABC carries a poor prognosis compared to sporadic BC in Western populations. Data are limited regarding PABC in Asian populations, where longer periods of breastfeeding, higher birth rates and a lower median age of BC at diagnosis have been noted, all of which are known to influence prognosis. We used two datasets of women treated for early BC in Shanghai 1990-2012 (n = 10,161 and n = 7,411). For the analysis of BC risk after pregnancy we compared the distribution of pregnancy in our dataset to that in Shanghai using age-specific fertility rates. For disease-free survival (DFS) evaluation, we restricted our data to women B45 years. Women \30 years had a significantly elevated BC risk within 5 years of completing a pregnancy compared to women who had not been pregnant in the previous 5 years. In women aged 20-24 the relative risk (RR) was 3.33 (P = 0.012), and for women aged 25-29 the RR was 1.76 (P = 0.0074). For women [30, the RR was decreased. Patients with PABC had a higher risk of recurrence or death (hazard ratio (HR) for DFS 1.72, P = 0.019) compared to women with non-PABC by univariable analysis. Age was eliminated from the multivariable model by backward selection, resulting in tumor stage (3 versus 1, HR 3.08, P \ .001) and recent pregnancy (HR 1.62, P \ 0.05) as significant independent prognosticators. Having had a full-term pregnancy in the previous 5 years was associated with a 62 % increased risk of recurrence. We show that recent full-term pregnancy significantly elevates BC risk in women \30 in Shanghai, and that women diagnosed with PABC have a particularly adverse prognosis. Health care providers and women in Asian populations should be made aware of these results.
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Background
It has been shown repeatedly in Western populations that pregnancy has a dual effect on breast cancer risk, most recognized a decrease in the later risk of postmenopausal breast cancer, and paradoxically an increase in risk during the immediate years after a full-term pregnancy [1] [2] [3] [4] . Breast cancer diagnosed within 5-10 years after delivery (pregnancy-associated breast cancer, PABC) carries a poor prognosis compared to sporadic breast cancer [5] [6] [7] [8] . Several factors influencing this risk and the adverse prognosis of PABC have been identified in Western populations. Among them age at first childbirth [9] [10] [11] , the interval between menarche and first birth [12] , birth spacing [3] and duration of lactation [13] have been implicated. Data are limited regarding PABC in Asian populations. They are characterized by longer periods of breastfeeding [14] [15] [16] , higher but rapidly decreasing birth rates [17, 18] , a single child policy with multiple terminations of pregnancy, and a lower but increasing median age of breast cancer diagnosis [19, 20] . The effect of a recent pregnancy on breast cancer risk might therefore differ in Asian compared to Western populations.
Here, we report on the risk and prognosis of pregnancyassociated breast cancer in a population of 17,572 women diagnosed with breast cancer at a single medical center in Shanghai between 1990 and 2012.
Results
In Table 1 , the relative risk of being diagnosed with breast cancer within 5 years of a full-term pregnancy (risk of PABC) is shown per age group in comparison to women not having been pregnant in the past 5 years. Women younger than 30 years had a significantly elevated risk of developing breast cancer within 5 years of completing a pregnancy compared to women who had not been pregnant in the previous 5 years. In women aged 20-24 the RR was 3.33 (P = 0.012), and for women aged 25-29 the RR was 1.76 (P = 0.0074). These findings were similar (RR 3.33, P = 0.012 and RR 1.51, P = 0.02, respectively) when the analysis was restricted to women with a maximum of one previous pregnancy, i.e., for whom the recent pregnancy had been the first pregnancy.
For women over 30, the data show a less clear picture: The relative risk of developing breast cancer was decreased in women over the age of 30 if they had been pregnant in the previous 5 years. However, this finding was only significant in the group of women aged 35-39 (RR = 0.75, P = 0.00092). When the analysis was restricted to women for whom the recent pregnancy had been the first pregnancy, the results were similar, with two age groups (30-34: RR = 0.74, P = 0.0033 and 35-39: RR = 0.51, P \ 0.0001) showing a significantly decreased risk of being diagnosed with breast cancer if they had been pregnant in the past 5 years.
A Breslow-Day test for homogeneity across all age groups showed that the risk ratios were significantly different across age groups (P = 0.014).
The rate of ER-negative breast cancers was consistently (but not significantly) higher in patients \40 with pregnancy-associated breast cancer (PABC) compared to breast cancer patients who had not completed a pregnancy in the previous 5 years (non-PABC) ( Table 2 ). However, ER status was missing in a high number of patients in the overall cohort (49.4 and 50.3 % of women with PABC and non-PABC, respectively) and this remains to be confirmed.
In the second database (dataset 2), including patient records with longer follow-up, the prognosis of patients with PABC versus those with non-PABC was analyzed.
As mentioned, pregnancies recorded in this dataset were only first pregnancies, but based on the fertility rate of B1, 'first' and 'most recent' pregnancies were used synonymously for this analysis. In Table 3 , baseline characteristics of patients with PABC and non-PABC in dataset 2 are shown. Patients with PABC had an elevated risk of recurrence or death (HR for DFS 1.72, P = 0.019) compared to women with non-PABC in univariable analysis (n = 1,383). The DFS curve of patients below 45 years of age with PABC versus those with non-PABC is shown in Fig. 1 . For multivariable analysis, a model allowing multiple imputation of missing values was used in order to account for missing values of disease stage, and of age at first pregnancy. Age was eliminated from the multivariable model in a backward selection process as it was not significantly associated with recurrence, resulting in tumor stage (stage 3 versus 1, HR 3.08, P \ .001) and recent pregnancy (HR 1.62, P \ 0.05) as significant independent prognosticators of disease-free survival (Table 4) . Having had a full-term pregnancy in the previous 5 years was thus associated with a 62 % increased risk of recurrence.
Discussion
Women from Shanghai below the age of 30 had an increased risk of breast cancer if they had completed a pregnancy in the previous 5 years. This finding was independent of the number of previous pregnancies. For women over 30 years of age, we found a decreased risk of breast cancer within 5 years of completing a pregnancy. A test for homogeneity showed that the risk ratios for PABC were significantly different across age groups.
Our results in women \30 years are consistent with findings from Western populations, where a transient increase in breast cancer risk after delivery has been reported [3, 21] . However, our results in older women are somewhat contrary with data coming from Western populations, where the peak in the transient increase in risk shortly after delivery is actually strongest after a late first birth [3, 21] . A possible reason for this discrepancy might be the fact that the incidence rate ratio of breast cancer for uniparous compared to nulliparous women varies considerably over time, especially for women [30 years [3] . In fact, Albrektsen et al. reported a decreased breast cancer risk shortly after delivery in women [30, with a steep increase thereafter and a peak in risk at 5 years that slowly decreased over time [3] . Our estimated relative risk over a five-year period after delivery includes the assumed period of decreased risk in the first few years, but only partly includes the subsequent period of elevated risk. This might explain why our numbers for women aged [30 are lower than the previously reported short-term peak at 5 years post-delivery.
Despite these considerations we believe it is possible that the influence of recent full-term pregnancy on breast cancer is indeed different in Asian compared to Western populations. Several confounding risk factors might play a role in this regard, most importantly the duration of breastfeeding, which is longer in Asian than in Western populations and is associated with a decreased risk of breast cancer in both populations [14] [15] [16] 22] .
We found a consistently higher rate of estrogen receptor negativity in PABC versus non-PABC breast cancer across all age groups in dataset 1. This finding was not significant, but it is in line with previous data indicating an increased risk of developing ER-negative breast cancer after parity [23] . In dataset 2 the rates of ER and PR positivity did not differ between PABC and non-PABC, nor did estrogen receptor status influence prognosis. Conflicting results on [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] . Some of these differences are due to varying definitions of pregnancy-associated breast cancer and whether the analysis was restricted to PABC or was in fact looking at life-time risk of breast cancer after parity. Based on preclinical research demonstrating that the pro-tumorigenic effect of the involuting breast is confined to ER-negative lesions [34, 35] , a dual effect has recently been suggested where the tumor-promoting environment of the remodeling breast increases the risk of unspecified tumors [4] , whereas the later, protective effect of pregnancy applies to hormone-dependent tumors [4] . This is in line with our observation, suggesting a stronger short-term influence of pregnancy on ER-negative tumors.
Analysing further tumor and patient characteristics between women \45 years with PABC and non-PABC in dataset 2, we found no significant differences in family or reproductive history or tumor stage, grade and HER2 status. Importantly, women with PABC were significantly younger at breast cancer diagnosis, while having a significantly higher age at first full-term pregnancy (median age at first full-term pregnancy 28 versus 26 years for PABC and non-PABC, respectively). This finding might indicate that the known increase in age at first childbirth in Asian populations [36] might be linked to the increase in breast cancer incidence in these populations.
Women with PABC had a significantly decreased disease-free survival compared to those with non-PABC in our dataset (HR 1.66, P = 0.03 in a model without imputation, and HR 1.66, P = 0.027 with multiple imputation). In multivariable analysis including tumor characteristics and patient age, an independent negative prognostic influence of recent pregnancy on breast cancer recurrence was confirmed. This result is in line with several previous studies reporting an impaired prognosis in women diagnosed with breast cancer shortly after childbirth [5] [6] [7] [8] .
Limitations of our data include the high number of missing values for some variables, which might have influenced our findings, in particular with respect to estrogen receptor status. Although the number of patients \45 years diagnosed with stage IV breast cancer is extremely low [37] , we cannot rule out the possibility that excluding patients with stage IV disease might have biassed our results, as the respective numbers might not have been balanced between patients with PABC and non-PABC. In addition, when calculating the risk of PABC we did not have a comparator group without breast cancer, forcing us to use age-specific fertility rates for relative risk estimates. Using fertility rates form the 2010 census (published in five-year intervals), and weighing the exposure time women spent in each age group with a known fertility rate, we believe to have reached a sufficiently accurate approximation of the relative risk estimate.
Conclusions
Taken together we show that-similar to Western populations-recent full-term pregnancy significantly elevates breast cancer risk in young women \30 in Shanghai, and that women diagnosed with PABC at any age have a particularly bad prognosis. These data need to be confirmed prospectively and in a wider berth of Chinese women but in the interim health care providers and women in Asian populations should be made aware of these results.
Methods

Patients
We used two datasets pertaining to women treated for early breast cancer at the Fudan Medical Center in Shanghai between 1990 and 2012. The Fudan Medical Center is a major breast cancer center in Shanghai drawing patients from all areas of the city and socioeconomic levels. It was used to analyze whether women diagnosed with breast cancer within 5 years of having completed a pregnancy have a worse prognosis compared to women not having completed a pregnancy in the 5 years prior to breast cancer diagnosis. As only age of first full-term pregnancy was available in dataset 2, all analyses are using first fullterm pregnancy (and not the most recent full-term pregnancy) as the exposure. Due to the fact that the total fertility rate of Shanghai has been B1 since 1990 [19] , assuming that the first full-term pregnancy was also the most recent one in almost all cases was deemed appropriate for data interpretation and the following definitions:
''Recent pregnancy'' (and ''recently pregnant'') is thus defined as having completed a full-term pregnancy within 5 years prior to a breast cancer diagnosis. Pregnancy-associated breast cancer (PABC) is defined as breast cancer diagnosed within 5 years after a full-term pregnancy. 'Non-PABC' includes all other diagnoses of breast cancer.
Statistical methodology
Only breast cancer cases were available in our datasets.
We used dataset 1 for the analysis of breast cancer risk after pregnancy, i.e., we aimed to compare the risk of breast cancer in women with a recent full-term pregnancy to that of women without a recent full-term pregnancy. We could not get this information directly from our dataset of women with a diagnosis of breast cancer, but obtained the distribution of pregnancy by age in our dataset compared to the distribution of pregnancy in the population of Shanghai. Then, using Bayes rule, we were able to calculate the relative risk of breast cancer in women by recent pregnancy status. Women aged 50 and older, and women who had at least one full-term pregnancy but were missing age of pregnancy were removed from the analysis, leaving a total of 4,532 subjects. In order to allow for age-adjusted casecontrol analysis, we acquired age-specific fertility rates in Shanghai from the 2010 census. The Shanghai fertility rates were available in predefined 5-year age groups (e.g., 15-19, 20-24, etc.) . We weighted the fertility rates of different groups by the amount of exposure time a patient spent in each time period. The final analysis computed these weighted relative risk estimates for all age groups.
These fertility rates were compared with the rates of pregnancy among the breast cancer subjects in our dataset, in the 5-year period before their date of surgery. The estimated relative risk of breast cancer for subjects who had a recent pregnancy versus not, computed using Bayes rule, provided an odds ratio: the odds of recent full-term pregnancy for those who had cancer versus the same odds in the general population (given age). Confidence intervals and P-values were computed based on the normal approximation of the log odds ratio.
We performed this analysis on the full dataset 1. In addition, as some previous publications have suggested that the first full-term pregnancy is a particularly important predictor for breast cancer risk [38, 39] we also specifically analyzed the subset of women in dataset 1 who had at most one full-term pregnancy.
We then analyzed whether the rate of ER-negative breast cancer-as a predictor of poor prognosis-was higher in women with PABC compared to those with non-PABC.
We used dataset 2 for the analysis of disease-free survival of PABC. To analyze the effect of PABC on disease-free survival, we restricted our data to women aged 45 or less, since pregnancies were not observed in any higher age. We also removed subjects who had stage IV disease at diagnosis as we could not exclude the possibility that many of these patients had not been included in this surgical database in the first place. Patients with missing follow-up data were also excluded. There were a total of 1,799 subjects remaining.
We estimated the relative risk of progression (locoregional or distant recurrence) or death (i.e., DFS) for women with a recent first pregnancy versus non-recent first pregnancy or no pregnancy, using Cox proportional hazards models. We also adjusted for estrogen receptor, progesterone receptor, and HER2 status, but none of these were statistically significant or meaningfully altered the estimate of our exposure of interest. Age greater than 30 versus 30 or below was not significant in models that included recent pregnancy and stage (P [ .75 in each model), so age was removed from the analysis. Our final model therefore adjusted for disease stage (0-1, 2, or 3) . Proportional hazards assumptions were assessed with plots of scaled Schoenfeld residuals against time [40] .
To handle missing data on disease stage and recent fullterm pregnancy, we used the missing-indicator method, and multiple imputation [41] . For the missing-indicator method, we excluded all subjects who were missing data on age of first pregnancy, and created an indicator variable for missing disease stage so that cases with missing values are not deleted from the analysis. Multiple imputations were performed using the mice package in R (version 2.15.2) [42] . There were 1,383 subjects (193 events) included in the missing-indicator analysis, and 1,799 subjects (245 events) included in the multiple imputation analysis.
All analyses were performed in R version 2.15.2 [43] .
